A taxonomic study was carried out on strain 22II1-22F33
A taxonomic study was carried out on strain 22II1-22F33
T , which was isolated from deep seawater of the Atlantic Ocean. The bacterium was Gram-stain-negative, oxidase-positive and weakly catalase-positive, oval in shape without flagellum. Growth was observed at salinities of 0-12 % and at temperatures of 4-41 8C. The isolate was capable of hydrolysing aesculin and Tween 80 and reduction of nitrate to nitrite, but unable to hydrolyse gelatin. Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain 22II1-22F33 T belongs to the family Rhodobacteraceae, with highest sequence similarity to Pseudooceanicola marinus AZO-C T (96.5 %). The principal fatty acids (.10 %) were summed feature 8 (C 18 : 1 v7c/v6c) (73.8 %). The G+C content of the genomic DNA was 66.2 mol%. The respiratory quinone was Q-10 (100 %). Phosphatidylethanolamine (PE), phosphatidylglycerol (PG), phosphatidylcholine (PC), two unidentified aminolipids (ALs), six unidentified phospholipids (PLs) and one unidentified lipid (L) were present. The combined genotypic and phenotypic data show that strain 22II1-22F33 T represents a novel species within a new genus, for which the name Marinibacterium profundimaris gen. nov., sp. nov. is proposed. The type strain of Marinibacterium profundimaris is 22II1-22F33 T (5LMG 27151 T 5MCCC 1A09326 T ).
During an investigation of bacterial diversity in the deep sea of the Atlantic Ocean, strain 22II1-22F33 T was isolated and characterized taxonomically along with many other bacterial isolates. Comparative 16S rRNA gene sequence analysis indicated that strain 22II1-22F33 T belonged to the family Rhodobacteraceae. As shown in Fig. 1 , a phylogenetic tree was reconstructed based on the 16S rRNA gene sequences of strain 22II1-22F33
T and closely related strains (27 type strains) of the family Rhodobacteraceae. However, it could not be assigned to any genus based on 16S rRNA gene sequence analysis. The family Rhodobacteraceae was proposed by Garrity et al. (2006) . To date, the family Rhodobacteraceae contains 129 genera (http://www.ncbi.nlm. nih.gov/Taxonomy/Browser/wwwtax.cgi). The aim of the present work was to determine the exact taxonomic position of strain 22II1-22F33
T by using a polyphasic approach.
Deep seawater was sampled by television grab in 2011 during cruise DY-115A of the South Atlantic Ocean on the R/V Da-Yang Yi-Hao. The sampling site was numbered DY22II-S011-CTD01 (13.98 S 14.48 W; depth 2238 m). One millilitre of deep seawater was used for enrichment of oil-degrading bacteria with 1 % (v/v) sterilized crude oil as the carbon and energy source; the enrichment work was conducted immediately after sampling and lasted for 2 months. Marine agar medium 216L (per litre seawater: 1.0 g CH 3 COONa, 10.0 g tryptone, 2.0 g yeast extract, 0.5 g sodium citrate, 0.2 g NH 4 NO 3 , pH 7.5) was used for bacterial isolation as described by Lai et al. (2009) . For morphological and biochemical characterization, strain 22II1-22F33
T was cultivated on marine agar 2216 (MA; BD Difco) unless otherwise indicated.
Genomic DNA was extracted according to a previously described method (Ausubel et al., 2002) , and the 16S rRNA gene was amplified by PCR using primers described previously (Liu & Shao, 2005) . Sequence similarity was determined using the EzTaxon-e server (Kim et al., 2012). Phylogenetic analysis was performed using MEGA version 5.0 (Tamura et al., 2011) with distance options according to the Kimura two-parameter (Kimura, 1980) model and clustering with the neighbour-joining (Saitou & Nei, 1987) , minimum-evolution (Rzhetsky & Nei, 1992) and maximum-likelihood (Felsenstein, 1981) T did not cluster with any of the above genera, but formed an independent clade within the family Rhodobacteraceae. This topology was confirmed in the maximum-likelihood and minimum evolution trees (Figs S1 and S2, available in the online Supplementary Material). This suggested that strain 22II1-22F33 T represented a member of a novel genus within the family Rhodobacteraceae.
Catalase activity was determined by bubble production in 10 % (v/v) H 2 O 2 solution. Oxidase activity was evaluated by the oxidation of 1 % (w/v) N,N,N9,N9-tetramethyl-1,4-phenylenediamine. Gram staining was performed using a Gram staining kit (Hangzhou Tianhe Microorganism Reagent) according to the manufacturer's instructions. Cell size and morphology were observed by transmission electron microscopy (JEM-1230; JEOL)
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Actibacterium atlanticum 22II-S11-z10 T (KJ159064) (Dong & Cai, 2001 ). Tolerance to NaCl was tested using artificial MA medium supplemented with 0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 18 or 20 % (w/v) NaCl. Tests using API 20NE, API 20E and API ZYM strips (bioMérieux) were carried out according to the manufacturer's instructions, with the single modification of adjusting the NaCl concentration to 3.0 % in all tests. These results are given in the species description and Table 1 .
Cells of strain 22II1-22F33 T were Gram-stain-negative, ovalshaped, 0.6-0.8 mm in width and 1.4-1.9 mm in length, and non-motile (Fig. S3) . Strain 22II1-22F33
T was sensitive to polymyxin B, neomycin, streptomycin, rifampicin, erythromycin, norfloxacin, ampicillin, ciprofloxacin, cefalexin, ofloxacin, piperacillin, gentamicin, cefobid, carbenicillin, cefazolin, tetracycline, chloromycetin, cephradin and penicillin G, but resistant to clindamycin, vibramycin, kanamycin, minomycin, oxacillin, metronidazole, lincomycin, oxacillin, co-trimoxazole and furazolidone. Other characteristics are given in the species description.
The G+C content of the genomic DNA was determined from the draft genome sequence (unpublished). The genomic DNA G+C content of new isolate 22II1-22F33 T was 66.2 mol%, which was similar to values of closely related strains within the family Rhodobacteraceae (Table 1) . Fatty acids in whole cells grown on MA medium at 28 8C for 48 h were saponified, methylated and extracted using the standard MIDI (Sherlock Microbial Identification System, version 6.0B) protocol. The fatty acids were analysed by GC (Agilent Technologies 6850) and identified using the TSBA6.0 database of the Microbial Identification System (Sasser, 1990) . The data for strain 22II1-22F33 T were tested under the same conditions with three type strains (P. marinus AZO-C T , Pseudooceanicola atlanticus 22II-S11g
T and Pseudooceanicola batsensis HTCC2597 T ) at the same time during the study of Lai et al. (2015) . The principal fatty acids (.10 %) of strain 22II1-22F33
T were summed feature 8 (C 18 : 1 v7c/v6c) (73.8 %), with C 16 : 0 2-OH (5.6 %), C 18 : 1 v7c 11-methyl (5.5 %), C 18 : 1 2-OH (3.7 %), C 16 : 1 2-OH (2.4 %), C 16 : 0 (2.4 %), C 19 : 0 cyclo v8c (1.9 %) and C 18 : 0 (1.4 %) as minor components. The fatty acid profile of strain 22II1-22F33
T was essentially similar to those of the reference genera within the family Rhodobacteraceae except for some components; the reference strains generally contained summed feature 8 (C 18 : 1 v7c/ v6c) as the predominant component. Strain 22II1-22F33 T can be differentiated from other genera by the presence of C 16 : 0 2-OH, C 16 : 1 2-OH and C 18 : 1 2-OH.
The quinones were extracted and separated into their different classes (e.g. menaquinones, ubiquinones) by TLC on silica gel, then further analysed by HPLC (Tindall, 1990a, b) . The respiratory quinone of strain 22II1-22F33 T was Q-10, which was consistent with other genera in the family Rhodobacteraceae. Polar lipids were extracted using a chloroform/methanol system and analysed using oneand two-dimensional TLC, as described previously (Kates, 1986) . Merck silica gel 60 F254 aluminiumbacked thin-layer plates were used in TLC analysis. The plate dotted with sample was subjected to two-dimensional development, with the first solvent of chloroform/methanol/water (65 : 25 : 4, by vol.) followed by second solvent of chloroform/methanol/acetic acid/water (85 : 12 : 15 : 4, by vol.) . Strain 22II1-22F33
T contained phosphatidylethanolamine (PE), phosphatidylglycerol (PG), phosphatidylcholine (PC), two unidentified aminolipid (ALs), six unidentified phospholipids (PLs) and one unidentified lipid (L) (Fig. S4) . Except for phosphatidylethanolamine, similar polar lipids were also present in the genera Pseudooceanicola, Shimia and Tropicibacter of the family Rhodobacteraceae.
The results of the phylogenetic analysis, phenotypic analysis and chemotaxonomic studies presented above support the view that strain 22II1-22F33
T should be assigned to the family Rhodobacteraceae. However, the strain could be distinguished from closely related genera of the family Rhodobacteraceae based on several phenotypic characteristics (Table 1) . Considering its branching position in phylogenetic analyses, and its physiological characteristics, the isolate cannot be assigned to any recognized genus. Therefore, strain 22II1-22F33
T represents a novel species of a new genus of the family Rhodobacteraceae, for which the name Marinibacterium profundimaris gen. nov., sp. nov. is proposed.
Description of Marinibacterium gen. nov.
Marinibacterium (Ma.ri.ni.bac.te.ri.um. L. adj. marinus of the sea, marine; L. neut. n. bacterium bacterium; N.L. neut. n. Marinibacterium marine bacterium).
Gram-stain-negative, non-motile, aerobic and oval-shaped. Cells grow at 4-41 uC. NaCl is required for growth. Positive for oxidase and catalase (weakly). Nitrate is reduced to nitrite. The ubiquinone system is Q-10. The major fatty acids (w10 %) are summed feature 8 (C 18 : 1 v7c/v6c). The principal polar lipids are phosphatidylethanolamine (PE), phosphatidylglycerol (PG), phosphatidylcholine (PC), two unidentified aminolipids (ALs), six unidentified phospholipids (PLs) and one unidentified lipid (L). The type species is Marinibacterium profundimaris.
Description of Marinibacterium profundimaris sp. nov.
Marinibacterium profundimaris (pro.fun.di.ma9ris. L. adj. profundus deep; L. gen. n. maris from/of the sea; N.L. gen. n. profundimaris from/of the deep-sea, reflecting from where the type strain was isolated).
Displays the following characteristics in addition to those given for the genus. Cells are 0.6-0.8 mm in width and 1.4-1.9 mm in length. Hydrolyses DNA, Tween 20, Tween 80 and dried skimmed milk, but not starch, Tween 40 or CM-cellulose. On MA, colonies are yellowish, opaque, convex, regular with entire margin and 1.0-2.0 mm in diameter after 2 days at 28 uC. Able to grow in the presence of 0-12 % NaCl (optimum 0-7 %) and at pH 5.0-8.0 (optimum 6.0-8.0). With API ZYM test strips, positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine aminopeptidase, valine aminopeptidase, acid phosphatase, naphthol-AS-BI-phosphoamidase, a-glucosidase, b-galactosidase and b-glucosidase (weakly), but negative for lipase (C14), cystine aminopeptidase, trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase, a-fucosidase, N-acetyl-b-glucosaminidase and a-mannosidase. With the API 20NE system, positive for reduction of nitrate to nitrite, D-glucose fermentation, urease, b-glucosidase (aesculin hydrolysis) and b-galactosidase, but negative for denitrification, indole production, arginine dihydrolase and gelatin hydrolysis. Utilizes L-arabinose, D-mannose, maltose, potassium gluconate, adipic acid, malic acid and trisodium citrate, but not D-glucose, D-mannitol, N-acetylglucosamine, capric acid or phenylacetic acid. Positive in API 20E tests for citrate utilization, fermentation of glucose and acetoin production (Voges-Proskauer), weakly positive for fermentation of sorbitol, rhamnose, sucrose and arabinose, but negative for lysine decarboxylase, ornithine decarboxylase, H 2 S production, tryptophan deaminase, mannitol, inositol, melibiose and amygdalin. Table 1 shows the characteristics used to distinguish strain 22II1-22F33
T from related genera of the family Rhodobacteraceae. 
